1. Introduction {#sec0005}
===============

The recent COVID-19 pandemic provided the first widespread bear market since the trading of cryptocurrencies began. In this article we examine the safe haven benefits of cryptocurrencies during the COVID-19 bear market, from the perspective of international equity index investors.

The concept of an investment safe haven is motivated by investor loss aversion ([@bib0185]), where investors are more concerned with avoiding losses than any associated prospective gains ([@bib0135]). This loss aversion motivates investors to seek out safe haven assets, i.e. assets that are uncorrelated or negatively correlated with traditional assets during periods of market turmoil ([@bib0025]). Various safe haven assets have been established at short to medium horizons, including gold ([@bib0045]), currencies ([@bib0170]), long dated treasury bonds ([@bib0115]) and, most recently, cryptocurrencies.

The growing popularity of cryptocurrencies has inspired numerous studies of their investment benefits, including their safe haven properties. [@bib0195] look at the hedging and safe haven properties of Bitcoin at the hourly frequency and find that it acts as a hedge, diversifier and safe haven, respectively, for a range of international currencies. [@bib0175] use a cross-quantilogram approach to define safe haven characteristics and find some evidence that Bitcoin, gold, and the commodity index are weak safe havens but that this behavior is time-varying. [@bib0130] find that portfolio risk is considerably reduced through the inclusion of Bitcoin in a portfolio comprising of gold, oil and emerging market stocks.

Conversely, [@bib0180] finds that Bitcoin is more volatile, less liquid, and costlier to transact than other assets and argues that these features should rule it out as safe haven asset. [@bib0150] contrast the hedging and safe haven properties of gold and Bitcoin, finding that the latter correlates positively with downward moves in developed markets. Some sceptics have highlighted the risk of considering cryptocurrencies as a financial asset in the first place, given the product immaturity, the level of illegal transactions and financial misappropriation ([@bib0080], [@bib0085]). The evidence for speculative behaviour in cryptocurrencies, manifesting in the form of bubbles ([@bib0120], [@bib0075]), may also shed doubt on their ability to act as a safe haven.

While results pre-Covid are decidedly mixed, many of these studies found evidence supporting the hypothesis that cryptocurrencies had safe haven properties. Due to the absence of a bear market in the historical sample pre-Covid, this hypothesis was not tested under acute market conditions. [@bib0070] investigate the safe haven properties of Bitcoin for a US investor investing domestically during the Covid bear market and found that a portfolio allocation to Bitcoin increased rather than decreased downside risk exposure.

There are, however, reasons to believe that safe haven properties may vary internationally. One of the main candidate drivers put forward for the safe haven hypothesis in the literature is the independence of cryptocurrencies in monetary policy. [@bib0020] develop an index of economic policy uncertainty (EPU, including monetary policy uncertainty) based on the measured frequency of related keywords in newspaper coverage. Local events such as elections have been shown to have a significant impact on both policy uncertainty and financial market uncertainty (see, e.g. [@bib0145], [@bib0125]). There have been a number of papers investigating the relationship between cryptocurrency returns and EPU (see, e.g. [@bib0090], [@bib0200], [@bib0215], [@bib0100]). [@bib0210], for example, find that Bitcoin returns around the highest economic policy uncertainty days (as measured by local versions of the EPU index of [@bib0020]) are significantly greater than those around the lowest EPU days. [@bib0015] investigate the impact of global geopolitical risk (GPR) on Bitcoin. They find that GPR has predictive power on returns and price volatility of Bitcoin. Negative changes in GPR lead to greater Bitcoin returns. [@bib0035] examine whether Bitcoin can hedge global uncertainty, measured by the first principal component of the VIX indices of 14 developed and developing equity markets. They find that Bitcoin does act as a hedge against uncertainty: it reacts positively to uncertainty at both higher quantiles and shorter frequency movements of Bitcoin returns. As policy uncertainty (and monetary policy uncertainty) are country-specific, these studies motivate an analysis of the safe haven properties of cryptocurrencies internationally.

In prior work, specifically in the context of international safe havens, [@bib0160] use wavelet transformation techniques to examine the co-movements between Bitcoin and the Dow Jones World Stock Market Index; regional Islamic stock markets; and Sukuk markets. They find evidence of benefits from diversification with Bitcoin, but these are found to be smaller for longer term investors (order of months) compared to short-term investors (order of days). [@bib0155] use a multivariate stochastic volatility model with dynamic conditional correlation to examine the time-varying hedging and safe haven properties of Bitcoin. Bitcoin is found to be a weak hedge in all markets when investment in US dollars is considered and a safe haven in Venezuela (with investment in bolivars). [@bib0040] use dynamic conditional correlations and find that Bitcoin has hedge and safe haven properties against Asia Pacific stocks. Assessing a wide range of cryptocurrencies, [@bib0205] find that digital currencies act as a safe haven for most international indices examined.

In this paper, we consider the international safe haven properties of cryptocurrencies through a popular methodology in the safe haven literature, specifically by examining whether there is a reduction in downside risk through pairing international equity index investments with portfolio allocations to individual cryptocurrencies (candidate cryptocurrencies include: Bitcoin, Ethereum[1](#fn0005){ref-type="fn"} and Tether). Downside risk is estimated using the approach of modified value at risk and modified conditional value at risk proposed by [@bib0105] that captures the impact of significant higher order moments, frequently observed in financial returns. We consider a range of international equity indices including: *MSCI World*; *S&P 500* (US); *FTSE 100* (UK); *FTSE MIB* (Italy); *IBEX* (Spain) and *CSI 300* (China). These indices are selected as they represent share prices in countries most seriously impacted by the pandemic at the onset of the Covid bear market, in late February 2020.

We find that Bitcoin and Ethereum are not safe havens for almost all of the indices during the COVID-19 market turmoil. Our findings are in contrast to [@bib0110], who find that the tail risk of Bitcoin is independent of returns in stock indices over a period ending in August 2017. In keeping with the literature, in rolling window analysis, we find that cryptocurrencies may act as a hedge during certain market periods. Consistent with [@bib0040], who find that Bitcoin has hedge and safe haven properties for Asia Pacific stocks pre-Covid, we find some limited evidence of safe haven properties relative to the CSI 300 index across the sample range tested and during the Covid crisis. These findings only hold, however, for allocations of up to 16% to Bitcoin and 14% to Ethereum. For larger allocations we again observe increasing relative portfolio downside risk for CSI 300 investors. We also find that the stable coin Tether has safe haven properties across all indices examined during the COVID-19 bear market, but may be redundant as an asset, given its peg to the US dollar.[2](#fn0010){ref-type="fn"} We provide evidence that this peg is not consistently maintained over the period examined, impairing the consistency of any downside risk hedging properties.

The paper is organized as follows: Section [2](#sec0010){ref-type="sec"} outlines the methodological approach employed to quantify downside risk. In Section [3](#sec0020){ref-type="sec"}, we detail the data under consideration. Empirical findings are described in Section [4](#sec0025){ref-type="sec"}, while Section [5](#sec0045){ref-type="sec"} concludes.

2. Methdology {#sec0010}
=============

2.1. Downside risk measurement {#sec0015}
------------------------------

[@bib0165] highlights that a primary concern of investors is the potential for large losses stemming from an investment. Such *downside risk* has been shown to be priced in the market place, with investors requiring higher returns on stocks exhibiting greater downside risk ([@bib0010]). In this paper, we focus on value at risk (VaR) and the related conditional value at risk (CVAR), also referred to as expected shortfall, to measure potential losses in a portfolio over a given time horizon (see e.g., [@bib0060]). While other measures of crash risk have also been proposed in the context of cryptocurrencies ([@bib0140]), the methods detailed here are appropriate for frequently examined horizons of importance to investors.

Two-moment VaR is appropriate to estimate downside risk for a portfolio with returns strictly distributed according to a normal distribution. Setting a particular confidence interval, VaR is defined as the maximum expected loss on a portfolio over a given time horizon. Under the assumption of normally distributed returns, two moment VaR is estimated using$${VaR}_{p}\left( {1 - \alpha} \right) = \mu_{p} - \sigma_{p}z\left( \alpha \right).$$ *α* is the confidence interval considered, while *z*(*α*) is the *α* quantile of the standardized distribution. *μ* ~*p*~ and *σ* ~*p*~ are the mean and standard deviation of portfolio returns respectively. For two-moment VaR, the downside risk of an asset is just a constant multiple of the standard deviation of asset returns.

While frequently applied in practise, two moment VaR may not adequately capture the potential for large losses when the distribution of returns is not normal. Cryptocurrencies have been shown previously to have returns presenting both skewness and excess kurtosis ([@bib0070], [@bib0095]), implying that two moment VaR is insufficient as a measure of their downside risk. Using the Cornish--Fisher expansion to adjust the quantiles of the distribution to account for higher-order moments related to skewness and excess kurtosis, we employ the four moment VaR first proposed by [@bib0105]. Four moment VaR is based upon an approximation for the quantile of the distribution, cut off at the fourth moment, and given by:$$\begin{array}{ll}
{\widehat{Z}\left( {\alpha,S_{p},K_{p}} \right)} & {= z\left( \alpha \right) + \frac{1}{6}\left( {z\left( \alpha \right)^{2} - 1} \right)S_{p} + \ldots} \\
 & {\quad\quad\quad\quad\frac{1}{24}\left( {z\left( \alpha \right)^{3} - 3z\left( \alpha \right)} \right)K_{p} - \frac{1}{36}\left( {2z\left( \alpha \right)^{3} - 5z\left( \alpha \right)} \right)S_{p}^{2}.} \\
\end{array}$$ *S* ~*p*~ and *K* ~*p*~ are the skewness and kurtosis of portfolio *P*, while $z\left( \alpha \right)$ is the *α* quantile of the standard normal distribution. Four moment modified VaR is then given by:$${MVaR}_{p}\left( {1 - \alpha} \right) = \mu_{p} - \sigma_{p}\widehat{Z}\left( {\alpha,S_{p},K_{p}} \right).$$This adjusts the two-moment VaR (Eq. [(1)](#eq0005){ref-type="disp-formula"}) to account for distributional characteristics commonly found in financial time series.

CVAR looks to capture the loss expectation, conditional on the loss exceeding the modified VaR, *MVaR* ~*p*~. Modified CVaR is calculated as a function of modified VaR:$${MCVaR}_{p} = E\left( {R_{p}|R_{p} > {MVaR}_{p}} \right),$$where *R* ~*p*~ is the negative log return. As there is no simple analytical way to estimate modified value-at-risk, a numerical approach is employed, taking an average of *MVaR* ~*p*~ across the range of quantiles greater than 1 − *α*.

To understand the economic impact of allocating a proportion of wealth to cryptocurrencies, we use the approach of relative portfolio downside risk ([@bib0070], [@bib0050]). This is estimated by taking the portfolio downside risk with an allocation to a cryptocurrency relative to a portfolio holding only the equity index under consideration. For MVaR (MCVaR), this is given by $\frac{{MVaR}_{mix}}{{MVaR}_{equity}}$ ($\frac{{MCVaR}_{mix}}{{MCVaR}_{equity}}$), where *MVaR* ~*mix*~ and *MCVaR* ~*mix*~ are downside risk measures representing the mix portfolio containing an equity index and a cryptocurrency, respectively.

3. Data {#sec0020}
=======

The focus of this paper is isolate the portfolio risk implications of an allocation to cryptocurrencies for a US investor holding a position in a range of candidate international equity markets. Three cryptocurrencies are studied, namely Bitcoin, Ethereum and Tether. Bitcoin, the best known, mostly widely traded cryptocurrency also has the largest market capitalization. Ethereum is a decentralized computing platform, from which the cryptocurrency Ether, commonly known as Ethereum, is issued as a reward for mining nodes. Finally, Tether is a stable coin, pegged to the US Dollar, meaning that it should maintain a 1-to-1 ratio with the U.S. dollar. This link is, however, not guaranteed by the issuer.

Daily data on the cryptocurrencies, Bitcoin, Ethereum and Tether is gathered from Coinmetrics, using their CM reference rates. This paper meets the critique for cryptocurrency data of [@bib0005], as it is formed using a methodology which adheres to the International Organisation of Securities Commissions (IOSCO) Principles for Financial Benchmarks. The objective of the IOSCO Principles is to "create an overarching framework of principles for benchmarks used in financial markets". All cryptocurrencies are examined in US Dollar terms.

We consider the portfolio downside risk implications for a variety of international markets, with a focus on countries known to have been impacted severely by the COVID-19 pandemic. The MSCI World Index is taken as representative of world equity markets, while the S&P 500 is selected to illustrate findings for US Markets. The FTSE 100, FTSE MIB, IBEX and CSI 300 indices are selected to represent the equity investment opportunity set for the United Kingdom, Italy, Spain and China, respectively. All indices are priced in US Dollars and daily logarithmic returns are calculated.

The inception date for each of the Cryptocurrencies differs, resulting in different data availability. Price data for Bitcoin are available from April 2010 through April 2020, data relating to Ethereum are available from August 2015 through April 2020, while data on Tether are from October 2014 through April 2020. In order to isolate the impact of the COVID-19 pandemic, a common period from 11th April 2019 to 9th April 2020 is examined. This period captures the initial bear market in equities associated with the COVID-19 pandemic.[3](#fn0015){ref-type="fn"} Finally, we assess the dynamic downside risk hedging ability of cryptocurrencies using a 1 year moving-window.

4. Empirical findings {#sec0025}
=====================

Summary statistics pertaining to our sample are presented in [Table 1](#tbl0005){ref-type="table"} . We examine characteristics over the period April 2010--April 2020 for Bitcoin and each of the indices. Results for Ethereum and Tether are presented from the first point at which traded prices exist. Bitcoin and Ethereum are found to have considerably higher returns and standard deviation than any of the indices examined. While Bitcoin is negatively skewed, Ethereum has positive skewness, in contrast to the equity indices considered. The maximum one-day loss for Bitcoin and Ethereum are −66.5% and −56.56% respectively. The range of one-day losses for equity indices is from −9.42% (CSI 300) to −19.29% (FTSE MIB). The differential characteristics of Tether are notable, presenting an average return of almost zero and a standard deviation of 26%, larger than the majority of equity indices examined. Given the purported peg with the US dollar, it is remarkable that Tether exhibits a maximum one day loss of −14.75%.Table 1Summary statistics.Table 1All dataBitcoinEthereumTetherMSCI WorldS&P 500FTSE 100FTSE MIBIBEXCSI 300Mean113.26102.600.165.899.85−0.76−3.08−5.153.21Standard deviation97.94123.3026.0314.7217.1318.8027.6224.7623.97Skewness−0.540.461.46−1.21−0.91−1.08−1.06−0.89−0.75Kurtosis13.966.5631.7119.8119.7415.7010.9110.415.16Max one day loss−66.49−56.56−14.75−10.44−12.77−13.47−19.29−15.90−9.42Cumulative return1141.14495.510.9059.2895.72−7.41−30.15−50.8730.182019--2020**BitcoinEthereum**TetherMSCI WorldS&P 500FTSE 100FTSE MIBIBEXCSI 300Mean35.702.73−0.39−8.33−3.48−28.57−23.76−31.62−10.99Standard deviation86.61100.984.9826.1631.8227.9831.7127.8623.94Skewness−0.540.461.46−1.21−0.91−1.08−1.06−0.89−0.75Kurtosis21.7424.1716.6015.3712.6419.7237.3328.316.89Max one day loss−47.06−56.56−2.42−10.44−12.77−13.47−19.29−15.90−9.42Cumulative return35.702.73−0.39−8.33−3.48−28.57−23.76−31.62−10.99[^1]

We focus upon the most recent one year period, which incorporates the ongoing COVID-19 related market turmoil. Over this period, only Bitcoin and Ethereum display returns for which the mean return is positive, but with a relatively large standard deviation. Each of the equity indices display negative returns ranging from −3.48% for the S&P 500 to −31.62% for the IBEX. During this one year interval, both Bitcoin and Ethereum have a maximum one day loss of −47% and −56.6% respectively. For Tether, the position is more benign, with a maximum one day loss of −2.42%.

4.1. Unconditional downside risk estimates {#sec0030}
------------------------------------------

In [Table 2](#tbl0010){ref-type="table"} , we provide an initial assessment of the downside risk exposure of each index alone and for a portfolio with a 10% allocation to the cryptocurrency and the remaining 90% to the index. Downside risk is estimated using both MVaR and MCVaR at a 1% and 5% confidence level.Table 2Downside risk analysis.Table 2(i) 1% Confidence levelMVaRMCVaRAll dataS&P 500MSCIFTSE 100MIBIBEXCSI 300S&P 500MSCIFTSE 100MIBIBEXCSI 300Equity only6.097.086.697.906.914.7710.1711.9410.7511.7910.306.1410% Bitcoin, 90% Equity7.287.647.779.237.864.3212.1612.6812.6714.5012.165.3410% Ethereum, 90% Equity9.809.899.8915.3212.834.8116.7116.6316.6326.5621.956.1010% Tether, 90% Equity7.017.727.7710.239.124.8912.0813.2612.9916.9515.196.322019--2020S&P 500MSCIFTSE 100MIBIBEXCSI 300S&P 500MSCIFTSE 100MIBIBEXCSI 300Equity only9.099.9211.5715.4812.475.3714.2715.4018.9825.6220.266.9810% Bitcoin, 90% Equity11.5711.8414.5217.0314.834.7718.6818.824.2928.5924.675.8810% Ethereum, 90% Equity12.3312.7014.9017.6115.295.0319.8720.2024.7729.5325.356.2110% Tether, 90% Equity8.238.9910.4413.9811.254.8412.9113.9717.1023.1418.256.30(ii) 5% Confidence levelMVaRMCVaRAll dataS&P 500MSCIFTSE 100MIBIBEXCSI 300S&P 500MSCIFTSE 100MIBIBEXCSI 300Equity only1.631.481.983.082.722.715.064.384.946.095.343.9810% Bitcoin, 90% Equity1.891.732.112.982.712.635.505.225.666.895.933.6710% Ethereum, 90% Equity2.032.272.382.732.532.806.927.067.7410.649.004.0410% Tether, 90% Equity1.371.581.862.512.182.734.925.455.577.356.544.06***2019--2020***S&P 500MSCIFTSE 100MIBIBEXCSI 300S&P 500MSCIFTSE 100MIBIBEXCSI 300Equity Only2.953.413.093.613.322.936.797.488.4111.049.054.4510% Bitcoin, 90% Equity3.213.623.303.493.312.858.448.7610.3311.9610.524.0410% Ethereum, 90% Equity3.433.853.463.623.453.039.009.4010.6312.3810.864.2610% Tether, 90% Equity2.813.242.943.443.162.796.477.138.0010.518.614.22[^2]

For both confidence levels, the Italian MIB index presents the highest MVaR and MCVaR among the equity indices examined. Over the most recent one year period, the MVaR for the MIB is 15.48% at a 1% confidence level. Creating a portfolio consisting of 10% Bitcoin and 90% equity increases downside risk for all indices with the exception of the CSI 300. For example, the 1% MVaR for the MIB increases from 7.90% to 9.23% during 2010--2020, an increase of 16.8%. In contrast, combining Bitcoin with the CSI 300 results in a decrease in MVaR from 4.77% to 4.32%.

We can directly compare downside risk for portfolios containing Ethereum and Tether with index-only investments during the 2019--2020 period. For Ethereum, the only evidence for a reduction in downside risk is again observed for the CSI 300. The most substantial increase is found for the FTSE 100, which has an MVaR of 11.47% at a 1% confidence level, but increases by 28.9% when combined in a portfolio consisting of 10% Ethereum with the remaining 90% allocated to the FTSE 100. Tether provides some safe haven characteristics over this period. For each of the equity indices, we find that an allocation to Tether results in a reduction in downside risk. This alone is insufficient to confirm the safe haven properties of Tether. If a firm peg between Tether and the US dollar exists, a 10% allocation is equivalent to 10% of the portfolio being unallocated and should result in a 10% decrease in downside risk. We next test this and the proportional reduction in downside risk across all assets for a range of different allocation weights.

4.2. Cryptocurrency allocation weights {#sec0035}
--------------------------------------

[Fig. 1](#fig0005){ref-type="fig"} details the reduction in MVaR and MCVaR for a set of Bitcoin allocation weights, relative to holding only the equity index over the period 2010--2020. Results are emphatic. Any allocation to Bitcoin results in increased MVaR and MCVaR for a portfolio consisting of Bitcoin combined with the MSCI World, S&P 500, FTSE 100, FTSE MIB and IBEX, relative to holding only the respective index. The CSI 300 is the only index for which diversifying with Bitcoin results in a reduction in downside risk, and there only for an allocation of up to 16%. These findings indicate that Bitcoin does not act as a consistent safe haven for international equity indices, with allocations generally resulting in increased downside risk.Fig. 1Relative portfolio risk for different Bitcoin allocation weights (April 2010--April 2020). Relative MVaR (MCVaR) shows the increase in MVaR (MCVaR) for a portfolio with proportional allocation to Bitcoin relative to a portfolio holding only the relevant equity index. MVaR and MCVaR are estimated using a 1% confidence level.Fig. 1

Similar conclusions are found for Ethereum over the period August 2015 through April 2020, as detailed in [Fig. 2](#fig0010){ref-type="fig"} . As the allocation to Ethereum is increased, portfolio MVaR and MCVaR increases relative to holding just the equity index for the MSCI World, S&P 500, FTSE 100, FTSE MIB and IBEX. Ethereum provides some downside risk diversification for the CSI 300 for allocations of up to 14%. As the allocation increases beyond this point, relative portfolio risk for the CSI 300 accelerates considerably. For a 50% allocation to Ethereum, relative portfolio MVaR is 2.59 for the CSI 300 portfolio compared with 1.50 for the S&P 500. Our findings highlight that Ethereum also does not have strong safe haven properties for international equity indices. For most allocation weightings Ethereum results in increased downside risk when combined with traditional equity markets.Fig. 2Relative portfolio risk for different Ethereum allocation weights (August 2015--April 2020). Relative MVaR (MCVaR) shows the increase in MVaR (MCVaR) for a portfolio with proportional allocation to Ethereum relative to a portfolio holding only the relevant equity index. MVaR and MCVaR are estimated using a 1% confidence level.Fig. 2

Finally, we assess whether an allocation to Tether helps in reducing portfolio downside risk between October 2014 and April 2020. Tether was designed such that each coin is worth one US dollar. Worries about credit risk or the volume of currency underpinning the cryptocurrency may, however, result in Tether trading at less than one US dollar. This, in turn, may impact any potential as a safe haven. This is borne out in our findings, [Fig. 3](#fig0015){ref-type="fig"} . If Tether were to act as a US dollar equivalent investment, portfolio downside risk should decrease in a linear fashion for larger allocations. In fact, relative downside risk decreases for allocations of between 30% and 50%, depending upon the equity index considered. For larger allocations, relative downside risk increases. With the exception of the CSI 300, downside risk declines one-for-one for each Tether allocation unit for weights of up to 35%. The increasing relative downside risk beyond this point is attributed to the large one-day maximum loss associated with Tether of 14.75%, which occurred on 5th May 2015. Large daily losses such as these have not been unusual in the case of Tether, with losses of greater than 10% occurring on 5 occasions since 2014. Beyond its consideration as a safe haven, these losses highlight additional investment risks, most likely associated with credit risk concerns, for investors in Tether.Fig. 3Relative portfolio risk for different Tether allocation weights (October 2014--April 2020). Relative MVaR (MCVaR) shows the increase in MVaR (MCVaR) for a portfolio with proportional allocation to Tether relative to a portfolio holding only the relevant equity index. MVaR and MCVaR are estimated using a 1% confidence level.Fig. 3

4.3. Moving window analysis {#sec0040}
---------------------------

In this section, we examine the relative downside risk of a portfolio consisting of 10% cryptocurrency combined with a 90% allocation to the relevant equity index using a moving window of 1 year. This analysis allows us to assess whether cryptocurrencies were a hedge for equity markets during the relatively benign period up to the beginning of the COVID-19 market crisis. This may help in reconciling the previous evidence that cryptocurrencies, especially Bitcoin, have sometimes acted as a hedge for equity markets ([@bib0175], [@bib0055], [@bib0040]).

The downside risk reduction potential for Bitcoin over time is examined in [Fig. 4](#fig0020){ref-type="fig"} . Throughout the plots, a relative risk reduction below one indicates that a portfolio containing 10% cryptocurrency and 90% equity has lower downside risk than a portfolio containing a full 100% allocation to the relevant equity index. Taking the FTSE 100 as an example, only on limited occasions is portfolio downside risk, whether measured by MVaR or MCVaR, reduced by allocating to Bitcoin. Over the sample considered, MVaR is increased by an average of 24.77% by allocating 10% to Bitcoin, while MCVaR is increased by 44.4%. Only for a brief period from June 2016 through October 2017 does Bitcoin consistently reduce portfolio downside risk for the FTSE 100. With the exception of the CSI 300, similar findings are evident for the other indices examined. The CSI 300 shows some evidence of downside risk reduction since 2015, coinciding with the period from which the Bitcoin market has been suggested as being most efficient ([@bib0065], [@bib0190]).Fig. 4Bitcoin downside risk moving window analysis. Relative downside risk is calculated using a one-year moving window for each international market. Relative MVaR (MCVaR) shows the increase in MVaR (MCVaR) for a portfolio holding 10% Bitcoin and 90% of the relevant equity index relative to a portfolio holding only the equity index. MVaR and MCVaR are estimated using a 1% confidence level.Fig. 4

Similar findings are evident for Ethereum, [Fig. 5](#fig0025){ref-type="fig"} . Some early evidence for risk reduction is found for most markets, coinciding with a similar brief period where Bitcoin acted as a hedge for equity markets. From 2018 onward, only limited evidence that Ethereum helps in reducing portfolio downside risk is found. In keeping with earlier findings, a portfolio consisting of a 10% allocation to Ethereum and 90% to the CSI 300 has lower downside risk post 2018 than when the latter is held alone. This finding is also evident in the period incorporating the COVID-19 crisis, but a noteworthy increase in portfolio risk is evident across all equity indices during this phase. This indicates that Ethereum has limited safe haven properties and a small allocation may increase portfolio downside risk in many circumstances.Fig. 5Ethereum downside risk moving window analysis. Relative downside risk is calculated using a one-year moving window for each international market. Relative MVaR (MCVaR) shows the increase in MVaR (MCVaR) for a portfolio holding 10% Ethereum and 90% of the relevant equity index relative to a portfolio holding only the equity index. MVaR and MCVaR are estimated using a 1% confidence level.Fig. 5

In [Fig. 6](#fig0030){ref-type="fig"} , we examine the downside risk implications for a portfolio diversified with a 10% allocation to Tether. If Tether has a consistent peg to the US dollar, a 10% allocation should result in a stable 10% reduction in downside risk at all points in time. The level of downside risk reduction is not found to be static and fluctuates around 0.90. In the case of the MSCI World index, allocating to Tether results in increased portfolio risk in the period from September 2017 to February 2018. This highlights some underlying risks for investors using Tether as a safe haven, linked to the previously described large one-day downward price moves in the cryptocurrency. Tether retained its peg to the US dollar during the COVID-19 crisis, however, with only very limited increases in downside risk observed relative to the expected reduction to 0.90. For example, a portfolio with a 10% allocation to Tether had a reduction of 0.907 (0.906) in MCVaR (MVaR) relative to one holding only the S&P 500.Fig. 6Tether downside risk moving window analysis. Relative downside risk is calculated using a one-year moving window for each international market. Relative MVaR (MCVaR) shows the increase in MVaR (MCVaR) for a portfolio holding 10% Tether and 90% of the relevant equity index relative to a portfolio holding only the equity index. MVaR and MCVaR are estimated using a 1% confidence level.Fig. 6

5. Conclusion {#sec0045}
=============

While cyptocurrencies are frequently part of the discussion regarding potential safe haven investments, empirical research on their relevance before the Corona pandemic lacked a period of significant turmoil in global equity markets. This paper considers the downside risk reduction properties of three cryptocurrencies, Bitcoin, Ether and Tether, during the initial bear market period associated with the COVID-19 crisis. We examine downside risk reduction for six international equity markets, shedding new light on the safe haven properties of cryptocurrencies for international investors.

Bitcoin and Ethereum are not, in general, found to act as a safe haven for international equity markets. We provide evidence of increased downside risk for portfolios consisting of any allocation to these two assets relative to holding the underlying equity index in isolation. An exception is for the CSI 300 index, where allocations of up to 16% to Bitcoin and 14% to Ethereum may reduce downside risk. Above these thresholds, however, we observe a marked relative increase in downside risk. Tether is found to act as a safe haven over the most recent period including the COVID-19 crisis. Such downside risk hedging properties are not, however, found to be consistent over time, due to large short-term historical losses in Tether, a consequence of an unstable peg with the US dollar. It\'s unclear, from an asset management perspective, as to why an investor would favor investment in Tether over cash holdings in US dollars. Tether is exposed to added counter-party; technological; security and liquidity risk, in addition to further issues around the stability of maintaining the USD peg during periods of exceptional financial crisis.

This publication has emanated from research conducted with the financial support of Science Foundation Ireland under Grant Numbers 16/SPP/3347, 13/RC/2106 and 17/SP/5447.

[@bib0030] find that Bitcoin and Ethereum are linked through a volatility transmission channel.

Tether has additional costs relative to holding cash such as a 0.1% deposit fee and a maximum of 0.1% or \$1000 withdrawal fee into fiat currency.

A bear market is often defined as one where the stock market drops by more than 20% from a recent high.

[^1]: This table details summary statistics for Bitcoin and a range of international equity markets. Summary statistics are given in percentage terms and mean and standard deviation are annualized. All Data incorporates periods from April 2010--April 2020 (Bitcoin and equity indices), August 2015--April 2020 (Ethereum) and October 2014--April 2020 (Tether). A one year period from April 2019--April 2020 is also examined for all assets.

[^2]: Downside risk is detailed for a portfolio consisting only of an equity index and for a portfolio consisting of 10% Bitcoin and 90% equity. All Data incorporates periods from April 2010--April 2020 (Bitcoin and equity indices), August 2015--April 2020 (Ethereum) and October 2014--April 2020 (Tether). A one year period from April 2019--April 2020 is also examined for all assets. Modified Value at Risk (MVaR) and Modified Conditional Value at Risk (MCVaR) are calculated using the Cornish-Fisher expansion using confidence levels of 1% and 5%.
